t is commonly known that the precentral gyrus (PrG) is the location of primary motor areas in the human cortex and is supported by the nonprimary motor areas: the premotor and supplementary motor cortex. Recently, several studies using different techniques have confirmed the existence of motor function located outside the PrG. In 1992, a study using implanted subdural grid electrodes showed frontal primary motor areas that were even more present in patients with brain lesions. 28 A study using intraoperative direct cortical stimulation (DCS) also showed that monopolar as well as bipolar stimulation of the superior frontal gyrus (SFG) and middle frontal gyrus (MFG) evokes motor responses.
I
t is commonly known that the precentral gyrus (PrG) is the location of primary motor areas in the human cortex and is supported by the nonprimary motor areas: the premotor and supplementary motor cortex. Recently, several studies using different techniques have confirmed the existence of motor function located outside the PrG. In 1992, a study using implanted subdural grid electrodes showed frontal primary motor areas that were even more present in patients with brain lesions. 28 A study using intraoperative direct cortical stimulation (DCS) also showed that monopolar as well as bipolar stimulation of the superior frontal gyrus (SFG) and middle frontal gyrus (MFG) evokes motor responses. 10 There was also a recent study that used navigated transcranial magnetic stimulation (nTMS) in healthy volunteers, confirming the existence of primary motor areas in the SFG (Brodmann Areas 6 and 8). 27 Within patients with brain tumors, changes in motor-function location
In brains with lesions, the premotor areas often play a more important role than in healthy brains 7, 24 because the PrG and the corticospinal tract are impaired by stroke or tumor. Not only was it possible to locate motor areas outside the PrG, but it was also shown that partial resection of the supplementary motor area (SMA) frequently leads to at least transient postoperative motor deficits. 11, 15, 30 Navigated TMS is the only noninvasive technique that is highly comparable to the gold standard of DCS, because both modalities elicit motor evoked potentials (MEPs), with comparable precision. Therefore, we used nTMS to investigate to what spatial extent such lesions cause plastic reshaping. 9, 13, 19, 26 This study aimed to investigate the following hypotheses: 1) primary motor areas with short latencies can be found in wide parts of the frontal lobe; 2) the distribution of primary motor areas depends on tumor location; 3) nonprimary/polysynaptic motor areas can be identified via nTMS; and 4) the distribution of polysynaptic motor areas depends on hemispheric dominance and tumor location.
Methods study ethics
The study was designed and performed in accordance with ethical standards of our university and the Declaration of Helsinki. It was approved by the local ethics committee. Prior to each nTMS examination, written informed consent was obtained from all patients.
study Design
This study's design consisted of 2 parts: 1) the graphical analysis of nTMS motor maps depending on tumor location; and 2) the statistical latency analysis of the measured MEPs.
The statistical latency analysis itself also consisted of 2 separate steps: 1) the mean latency analysis, including all 100 patients' latencies, which examined latency lengths according to the gyri in which they were elicited; and 2) the subgroup analysis, in which patients were divided into groups according to 3 subfactors: hemispheric dominance, tumor location, and paresis grade.
graphical analysis
Using SPM8 software (Functional Imaging Laboratory, Wellcome Trust Center for Neuroimaging, Institute of Neurology, University College London), we performed spatial normalization of each patient's 3D MRI sequence and upper-extremity nTMS motor map. Using MRIcro software (McCausland Center for Brain Imaging), we created a mask of the tumor so that this area of pathological brain tissue was excluded from determining the algorithm used for normalization to standardized space, as reported previously. 1 The normalization results were manually checked. Normalization was repeated until the highest possible congruence of normalized brain and brain template was reached, considering the position of landmarks such as the cranium and ventricles. The resulting normalized motor maps of each tumor location group (frontal, rolandic, postcentral, temporodorsal, and parietal) were then fused and are presented within standardized brain templates ( Fig. 1 , Table 1 ). MRIcron (McCausland Center for Brain Imaging) was also used for creation of 3D graphics included in this article.
latency analysis
Prior to analysis, nTMS mapping results were manually reviewed for accuracy of the automatic latency determination and location of MEP at the nTMS mapping station (eXimia 3.2 and eXimia 4.3; Nexstim). The latencies of each of the 6 muscles were then analyzed depending on the location of the MEP.
First, we tested differences of mean latency values among the 4 gyri (PrG, SFG, MFG, and postcentral gyrus [PoG] Table 2 ).
Second, to differentiate primary and nonprimary motor areas, we defined latencies longer than 1 standard deviation (SD) above the mean value as transmitted via more than 1 synapse. This distribution was tested separately for each muscle and each gyrus, depending on: 1) hemispheric dominance (dominant vs nondominant; Fig. 3 , Tables  3 and 4) ; 2) tumor location (frontal, rolandic, postcentral, and parietal tumor groups vs temporal tumor group as the control group; Fig. 4 , Tables 5 and 6); and 3) influence of tumor on motor function (without or with a paresis; Tables  7 and 8 ).
Group differences were tested using the chi-square test with absolute values of latencies > 1 SD. All results in this article are presented as the mean ± SD (GraphPad Prism 6.05). The level of significance was 0.05 for each statistical test.
Patient Population
We enrolled 100 patients with motor eloquent brain lesions scheduled for tumor resection into our study; only patients with intraaxial tumors (e.g., gliomas or metastases) were enrolled (Table 1) . Between 2010 and 2013, the patients underwent preoperative MRI followed by nTMS mapping of the motor cortex. Navigated TMS-elicited MEPs were found in all patients in at least 1 upper-extremity muscle; in 34 of the 100 patients, MEPs were also found for lower-extremity muscles. Patients were divided into groups, according to their tumor location in relation to PrG, as follows: 1) the frontal tumor group, which included tumors frontal to PrG (SFG, MFG, and inferior frontal gyrus [IFG]); 2) the rolandic tumor group (PrG); 3) the postcentral tumor group (PoG); and 4) the parietal tumor group (dorsal to PoG). Because PoG itself is a partial origin of corticospinal tract neurons, although this is not described for the remaining parietal lobe, we decided to separate these 2 groups. A fifth group of temporodorsal tumors was included as the control group (Table 1) .
Magnetic resonance imaging
All patients underwent MRI on a 3-T MR scanner in combination with an 8-channel phased-array head coil (Achieva 3T; Philips Medical Systems) for contrastenhanced 3D gradient echo sequence and T2-weighted FLAIR imaging. The contrast-enhanced 3D gradient echo sequence data set was transferred to the nTMS system (eXimia 3.2 and eXimia 4.3) and was used for anatomical coregistration prior to the nTMS mapping.
navigated tMs Mapping of the Motor Cortex
We performed nTMS motor cortex mapping of the hemisphere with the lesion prior to surgery. Two different nTMS systems (eXimia 3.2 and eXimia 4.3) were used. Both systems used a biphasic figure-of-eight TMS coil with a diameter of 50 mm, which was attached to an infrared tracking system (Polaris Spectra), as reported earlier. 5, 13, 19, 23, 26 Navigated TMS motor mapping was performed by 6 experienced users. The time for performing motor mapping ranged from 30 to 120 minutes with a median of 45 minutes, mostly depending on the ability of the patient to cooperate. MEPs were recorded by electromyography (EMG). According to the mapping protocol, which was also described previously, 5, 13, 19, 23, 26 the resting motor threshold (rMT) of the tumor hemisphere was de- g., arteriovenous malformation or cavernoma); P = paresis; Pts = patients; -= no data; 1st = patients' first surgery; 2nd = patients had prior surgery.
* Detailed overview of group size, mean age and sex of patients, tumor entity, tumor site, dominance of tumor hemisphere, patients' preoperative motor functions, and prior brain surgery (in patients with recurrent tumors at actual motor mapping) of the 5 tumor groups (frontal, rolandic, postcentral, temporodorsal, and parietal). Handedness was not obtained from all patients due to language difficulties. All values are expressed as percentages unless otherwise stated.
termined, and mapping was performed using 110% rMT for the upper extremity and 130% rMT for the lower extremity. 5, 13, 19, 23, 26 The measured muscles were as follows: APB, ADM, FCR, and BCS for the upper extremity; and TA and GCN for the lower extremity. The electric muscle activity was continuously monitored by EMG using pregelled Ag/AgCl electrodes (Neuroline 720; Ambu). Finally, the positive upper-and lower-extremity motor mapping points (MEP threshold ≥ 50 mA in at least 1 of the measured muscles) were exported as Digital Imaging and Communications in Medicine file format for further analysis.
results navigated tMs Mapping
The nTMS mappings of hemispheres with lesions were performed in all patients prior to surgery. The mean rMT was 33.8% ± 9.3% of the maximum stimulator output. We had 5008 positive motor points with a value greater than threshold (≥ 50 mA) in at least 1 muscle and 8794 single MEPs, for an average of 1.8 MEPs per positive motor point due to overlapping representation of different muscles. On average, 50.1 ± 30.3 positive motor points were identified per nTMS mapping (median 42.5 positive motor points, range 10-167).
graphical analysis
The fusion of normalized motor maps from patients with comparable tumor locations ( Fig. 1) showed that the main motor function (highest overlap, red) was located in the commonly expected area around the hand knob of the PrG. Yet, lower-overlap motor areas (blue) spread widely and up to SFG, MFG, and PoG. Moreover, all 5 tumor groups showed a high overlap of motor function (yellowgreen) on the posterior part of the MFG. Only some tu- Table 2 . n.s. = not significant. mor groups (frontal, postcentral, and rolandic) showed this high overlap, also in the SFG. In general, motor function in the rolandic and temporal tumor groups spread to the least extent, whereas for parietal lesions, cortical motor function showed the widest spread.
general latency analysis A total of 8774 MEP latencies were included in the analysis, in the following muscles: 2758 for APB, 2711 for ADM, 2040 for FCR, 664 for BCS, 429 for TA, and 172 for GCN. For the latency analysis, we first determined mean latencies and the SD of all latencies in each gyrus for each muscle (box-and-whiskers plots in Fig. 2 , mean values ± SD in Table 2 ). As known from the literature, 22 APB and ADM showed longer latencies, whereas FCR and BCS showed shorter latencies due to the shorter distances to the measured muscles. In general, lower-extremity muscle latencies were, as expected, longer than upper-extremity muscle latencies. Considering the gyri, ADM, FCR, and BCS had the lowest mean latencies in PrG. Mean latencies in frontal gyri (SFG and MFG) were longer than in PrG for ADM, FCR, BCS, and TA. In APB, only MFG and PoG showed longer mean latency than PrG.
Distribution of MeP latencies was Dependent on hemispheric Dominance
To determine patterns influencing the distribution of motor function, we compared the number of latencies longer than 1 SD above mean values as a model for polysynaptic latencies separately in every gyrus. First, we compared latencies longer than 1 SD above mean values of all 6 muscles together in the dominant versus nondominant hemispheres (Tables 3 and 4 , Fig. 3 ). The percentage of latencies > 1 SD showed that there are significantly more latencies > 1 SD in the dominant hemisphere compared with the nondominant hemisphere (p < 0.0001). Additionally, in the dominant hemisphere, these latencies were more present in the frontal gyri (SFG and MFG), whereas in the nondominant hemisphere, the frontal gyri contained the fewest latencies > 1 SD.
Regarding the 3 muscles with the most measured latencies (APB, ADM, and FCR) individually, corresponding results were achieved, although significantly only for ADM (p = 0.011, Table 3 ): Each of these muscles showed most latencies > 1 SD in frontal gyri of the dominant hemisphere, in the MFG (APB), the SFG (ADM), or both SFG and MFG (FCR). In general, all 3 muscles showed more latencies > 1 SD in the dominant hemisphere compared with the nondominant hemisphere.
Additionally, we investigated mean MEP latencies of every muscle in each gyrus. We observed that although there might be more latencies > 1 SD in a hemisphere (Table 3), this does not necessarily lead to an increased mean MEP latency in the same hemisphere (Table 4) . 
Distribution of MeP latencies was Dependent on tumor location group
To detect differences in patterns of distribution of polysynaptic latencies among the 5 tumor locations, we compared each group to the temporal tumor group used as a control (Fig. 4) . We did not include hemispheric dominance as a factor in this analysis. In the control group, most latencies > 1 SD were found in the SFG and MFG. Patients with frontal tumors showed fewer latencies > 1 SD in the frontal cortex than patients in the control group (p = 0.013). Patients with parietal tumors showed a very different distribution of latencies > 1 SD than patients in the control group, with only a few latencies in the MFG and PrG (p = 0.0002). In patients with tumors affecting the PoG, most latencies > 1 SD were found in the PrG itself, and fewer latencies were found in the PoG, which differed from the control group (p = 0.013). Patients with rolandic tumors showed almost the same number of latencies > 1 SD in the PrG and PoG as patients in the control group but fewer latencies in frontal gyri and especially small numbers in the SFG, although this did not achieve statistical significance (p = 0.23).
When analyzing statistical differences between individual muscles, APB, ADM, and FCR were the only muscles for which single-muscle analysis was reasonable due to the overall number of measured latencies. Significantly different results were only obtained for APB. When comparing the distribution of APB latencies only with the overall analysis (for which all 6 muscle latencies were calculated together (Table 5 , Fig. 4) , only the temporal tumor group differed, with clearly more latencies > 1 SD in the PrG and fewer in the SFG. Yet, we attribute these group differences to a smaller data set in the APB-only latency group and see higher reliability in the overall latency analysis.
To complete the analysis, we also investigated the mean MEP latency of each muscle in each gyrus among the 5 tumor groups. As reported above (Tables 3 and 4) , we observed that even though there is a higher number of latencies > 1 SD above the mean value in a tumor group (Table  5) , this does not necessarily mean that there is also an increase in mean MEP latency value nor does this lead to a larger SD (Table 6 ).
Distribution of MeP latencies Depending on Motor Function
To consider preoperatively impaired motor function as a confounding factor, we also compared the number of latencies > 1 SD in patients with or without preoperative paresis due to tumor or edema. Again, we analyzed only APB, ADM, and FCR, because these muscles showed the highest counts of motor data and therefore the highest reliability. This analysis showed no significant differences between patients with or without preoperative paresis Table 7 ).
Additionally, we compared mean MEP latencies ± SD of each muscle in all 4 gyri among patients with and without paresis for these 3 muscles (Table 8) . We did not observe any connection between a larger mean MEP latency and a higher number of latencies > 1 SD above the mean value in a gyrus. Corresponding results were also found regarding hemispheric dominance (Table 4 ) and tumor lo- cation (Table 6 ). Altogether, an increase of latencies > 1 SD did not correlate with larger mean MEP latencies.
illustrative Case

Intraoperative Confirmation via DCS
We provide an illustrative case for the clinical use of data presented in our article. In a 48-year-old man suffering from a left-sided anaplastic astrocytoma (WHO Grade III) of the frontal lobe, preoperative nTMS data were implemented in the intraoperative neuronavigation and showed primary motor areas in the SFG and MFG. After placement of a strip electrode, even stimulation of the most frontal contact electrode with 10-mA train-of-five stimulation elicited MEPs in the SFG with very high amplitudes of 2 mV in the ADM (Fig. 5) . Resection of these nTMS-and DCS-positive motor areas in SFG and MFG was avoided despite complete resection of the tumor. The patient did not show any preoperative nor any new postoperative motor deficits. Navigated TMS has been repeatedly shown to correlate well with DCS in the literature. 13, 19, 26 This was also confirmed in this illustrative clinical case, in which anterior motor areas in the SFG and MFG could be identified via nTMS and confirmed by even high-amplitude MEP responses with DCS.
Discussion Primary Motor areas of the Frontal lobe
Studies on primates allowed a detailed classification of frontal premotor areas. It was possible to identify 6 premotor areas (ventral premotor area [PMv] ; dorsal premotor area [PMd]; SMA; and rostral, dorsal, and ventral cingulate motor areas), located on the lateral surface and medial wall of the hemispheres, which have direct projections to the spinal cord and for which intracortical stimulation leads to forelimb movement.
2,3
Uematsu et al. showed that it is possible to elicit primary motor responses outside the common M1 area in humans by using subdural grid electrodes in patients with seizure disorders. Patients with abnormalities in MRI (e.g., brain lesions) even had most of their primary motor responses located in more anterior areas than patients with no abnormalities. 28 Kombos et al. used direct monopolar and bipolar cortical stimulation for determining motor responses in patients with tumors during surgery and found that up to 37.85% of MEPs were located frontal to the PrG. 10 Those findings correspond well with our results, where motor areas spread into the SFG and MFG (Fig. 1) . Unfortunately, the definition of primary motor areas varies markedly in the literature. It ranges from the original definition of "motor areas" (with direct corticospinal projections located only in M1 8 ) to frontal areas in which motor responses can be elicited after stimulation, although not in M1. 10 This leaves space for all sorts of intermediate stages such as stimulation-sensitive, frontal nonprimary motor areas with direct corticospinal projections.
27
Distribution Depends on tumor location
The location of motor function in the human brain is not static; it is a dynamic process caused by the plastic reshaping of cortical and subcortical functions. There have been studies on primates showing that PMd and PMv are of ma- jor importance for maintaining motor functions when M1 is impaired. 16 Another study on patients showed that TMS to the ipsilesional PMd affects movement of the paretic hand in patients after rolandic stroke. 7 These studies imply that nonprimary motor cortices might be able to take over motor function if the primary motor cortex is affected.
The frontal regions shown in Fig. 1 correspond well with the location of nonprimary motor areas. They might even be in accordance with the location of PMd (posterior part of MFG) 4, 7 and SMA (rostral to the PrG on the medial wall of the hemisphere, 18, 25 projecting in lateral view used for nTMS mapping on the posterior part of the SFG), although we did not restrict our measurement to those regions.
Nonprimary/Polysynaptic Motor Areas Can Be Identified via ntMs
It is still not known whether frontal premotor areas work only through connections to the PrG or whether there are direct pathways to the spinal cord. In primates, the existence of those direct spinal projections was shown. 2 Fridman et al. showed that in affected hemispheres of patients who had rolandic stroke, MEPs elicited in PMd have shorter latencies than those MEPs elicited in M1, and assumed that this was caused by the PMd of the hemisphere with lesion having corticomotoneuronal connections similar to M1. However, in healthy volunteers and nonlesional hemispheres, PMd seemed to have longer latencies than M1. 7 Teitti et al. also found frontally evoked MEPs (Brodmann Areas 6 and 8), with latencies shorter than those of M1. These authors assumed that those might originate from direct spinal projections. 27 Nevertheless, Teitti et al. examined 15 healthy volunteers, whereas Fridman et al. examined 4 patients who had suffered strokes and 5 healthy volunteers as a control group.
Our latency analysis of 100 patients with brain tumors shows that there are shorter latencies in the PrG and longer latencies in both frontal gyri for most of the muscles. Because the difference between these mean latencies is rather small, our data are in accordance with direct motor projections within nonprimary motor cortices, which lead to fast muscle responses. But there were, at least in our cohort of patients with brain tumors, also many long latency projections (presumably polysynaptic) identified via nTMS, leading to higher mean values in latency analysis (Figs. 2-4) .
We used mean values and the percentage of latencies longer than 1 SD above the mean value to distinguish between monosynaptic and polysynaptic motor areas. There are definitely more factors that influence MEP latency, such as height or stimulus intensity, 29 but these confounders are minimized by the size of our patient cohort, and we can use the number of latencies > 1 SD as a model for polysynaptic neuronal activation.
long latencies and hemispheric Dominance
Other studies did not show any differences of MEP latency dependent on handedness and hemispheric dominance. 17, 29 Those studies mainly investigated healthy subjects, whereas our study cohort enrolled only subjects suffering from intraaxial tumors, which can impair cortical and subcortical motor function. The main effect seen in our patient cohort was a higher number of longer latencies, which we assume was due to polysynaptic MEP transduction in frontal cortices, mostly in the dominant hemisphere (Fig. 3) .
Still, there are differences in the organization of dominant and nondominant hemispheres. There have been studies showing the importance of the SMA of the dominant (left) hemisphere. 21 Moreover, a stronger coupling between SMA and M1 was observed in the dominant hemisphere compared with the nondominant hemisphere. 20 According to these data, we assume that there are more projections from SMA or other frontal areas within the SFG and MFG to the PrG in the dominant hemisphere than the nondominant hemisphere. These are shown in our study by longer and thus polysynaptic MEP latencies in frontal cortices (i.e., SFG and MFG; Fig. 3 ). long latencies and tumor location Another important issue is detection of how tumor location influences motor function. In the latency analysis, patients with temporal tumors had the most latencies > 1 SD above the mean value (which we assume were polysynaptic projections) located in frontal gyri, suggesting many projections from the SFG and MFG to the PrG (Fig. 4) . In the frontal and postcentral tumor groups, fewer latencies > 1 SD were found in the directly impaired gyrus (frontal gyrus for the frontal tumor group, PoG for the postcentral tumor group). This might suggest that polysynaptic projections are being disturbed earlier than monosynaptic projections by structural changes.
When the rolandic and temporal tumor groups were compared, both groups showed many presumably polysynaptic latencies in total and in the MFG compared with the other groups (Fig. 4) . The MFG is an area that corresponds well with PMd, as assumed above. Surprisingly, the fewest latencies > 1 SD found in the SFG (which corresponds to SMA) were present in patients with rolandic tumors. The SMA in primates was shown to include direct spinal projections, 2,3 which in our case seems to be represented by a higher number of monosynaptic latencies. This implies that the SMA overtakes direct corticospinal, fast motor responses due to lesions in M1, whereas the PMd remains a supporting region with polysynaptic projections to the remaining primary motor areas.
long latencies and Preoperative Paresis
When comparing patients with or without paresis, we did not observe any statistically significant differences in distribution of long latencies for APB, ADM, or FCR (Table 7) . Although there were variable differences among these groups within 1 gyrus, we could not observe any effect of 1 of the groups leading to an increased or decreased number of latencies > 1 SD in all 4 gyri. Therefore, the changes in motor function that we observed and described can indeed be seen as a result of hemispheric dominance (Table 3 , Fig. 3 ) and tumor location (Table 5 , Fig. 4 ), and they are not influenced by a patient's motor function deficit.
Clinical implications
Detecting those primary motor areas outside the PrG prior to surgery is important for preoperative planning. Thus, the finding of our study might be the reason for superior outcome of patients who underwent preoperative nTMS mapping in 3 independent studies. Still, the existence of those widely spread motor areas, such as within SFG and MFG, does not necessarily mean these areas are absolutely essential for motor function. There are motor eloquent regions within the SMA or SFG, because surgery in this region often causes transient motor deficits that fully recover over time. 11, 15, 30 Moreover, the inactivation of the PMd and PMv in monkeys with lesioned M1 led to worsening motor functions, which also implies the essential roles of the PMd and PMv in brains with a lesion within the PrG. 16 Thus, further studies should target the motor eloquence of nTMS-positive motor areas in patients with brain tumors. The correlation of resected nTMS-positive motor areas with patients' postoperative motor deficits has to be shown to actually prove the essential role of these regions (i.e., SFG and MFG) for primary motor function in the human brain.
limitations
In the enrolled cohort, there are huge differences among patients, individual brain anatomy, tumors, tumor size, malignancy, and speed of growth. There are many subfactors that also might have effects on measured MEPs, such as patient age, sex, height, and medication. It is important to keep in mind that 22% of our patients underwent operations on recurrent tumors, and most of these patients also underwent radiotherapy or chemotherapy; these factors could also influence our results (Table 1) . We tried to minimize these effects by spatial normalization, dividing patients according to tumor location, and considering group characteristics. However, group size was still too small to additionally analyze chemo-or radiotherapy effects.
Moreover, there are technical limitations to the graphical analysis by spatial normalization; in brains with lesions, the lesion tends to impair the process of normalization. This effect can be minimized by masking the lesion, as was done in this study, but interference still cannot be fully discounted. 1 Mathematical limitations to our study are caused by different sizes of data sets. APB and ADM are muscles for which motor responses can be elicited easily; therefore, we obtained the largest data sets for these muscles. Lowerextremity muscle MEPs, however, are more difficult to obtain, leading to smaller data sets for these examined muscles. Numbers of latencies > 1 SD also showed a huge amount of variability among the analyzed factors and gyri.
In this study, we did not correlate nTMS-positive motor points to intraoperatively elicited DCS-positive motor points in all patients, nor did we correlate the extent of resection of nTMS-positive motor points to postoperative motor deficits. These correlations would exceed the scope of this pilot study. Thus, these questions will be the topics of future studies by our group.
Conclusions
This study is based on a large cohort of patients and provides additional information for fundamental theories on functionality and plastic changes in the human brain. We showed that primary motor areas could be found in wide parts of the frontal lobe by using nTMS and therefore confirmed intraoperative DCS data by a noninvasive technique. Additionally, nonprimary, polysynaptic motor areas can also be identified via nTMS in these regions. The distribution of these motor areas (primary as well as nonprimary) depends on tumor location, which needs to be considered preoperatively for individual resection planning.
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